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In situ atomic force microscopy (AFM) was used to study the nucleation behaviour of sodium oxalate 
on the gibbsite substrate in high ionic strength (5M NaCl) and alkaline solution (pH=11.5).  The 
growth of oxalate three-dimensional (3D) islands was observed on gibbsite (001) faces at medium 
oxalate supersaturation (=(Cinitial-Cequlibrium)/Cequlibrium=1.2). The 3D islands can be preferentially 
oriented with their (200) twin planes parallel to the gibbsite substrate (001) faces confirmed by both 
the calculation of lattice mismatch and AFM images. The lattice mismatch calculation also indicated 
that the most energetically favourable epitaxial relationship for oxalate growth on gibbsite is the 
growth of oxalate (200) planes on gibbsite (100) faces. In agreement with the prediction, the 
formation of heteroepitaxial layers of sodium oxalate on the gibbsite (100) faces were observed at 
high oxalate supersaturation (=1.4). The total strain energy ( totalγ ) in this oxalate layer was 6.62 
mJ/m2 smaller than the interfacial tension of the gibbsite-solution interface ( gsγ ) indicating that 
oxalate growth on gibbsite (100) faces is governed by Frank-van der Merwe growth mode. Meanwhile, 
oxalate 3D islands form on such heteroepitaxial layers, suggesting the Stranski-Krastanow mode for 
oxalate epitaxial growth. 
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The Bayer Process is the principal industrial means of producing aluminium oxide (alumina), which 
produces nearly all the world’s alumina supply as an intermediate in aluminium production (Seyssiecq 
et al., 2000). The process dissolves the aluminium component of bauxite ore in hot sodium hydroxide 
solution which is also known as Bayer liquor, removes undissolvable impurities from the solution, 
and precipitates aluminum hydroxide (also named as gibbsite, -Al(OH)3), which is finally calcined to 
alumina (Al2O3). In the chemical reaction of precipitation (Equation 1), sodium aluminate is 
decomposed to gibbsite and hydroxide ion (Ilievski and Livk, 2006; Livk and Ilievski, 2007): 
4( ) 3( ) ( )( )  ( )aq solid aqAl OH Al OH OH− −= − ↓ +        (1) 
However, there are still a lot of dissolvable impurities in Bayer liquor. Sodium oxalate ( 2 2 4 Na C O ) is 
known to have one of the most detrimental impurity on the gibbsite crystallization process (Lever, 
1983). Sodium oxalate co-precipitates with gibbsite (-Al(OH)3) in the cooler end of the 
crystallization circuit of the Bayer process according to the Equation 2: 
2
( ) 2 4( ) 2 2 4( )2 aq aq solidNa C O Na C O
+ −+ = ↓       (2) 
This co-precipitation of 2 2 4 Na C O  and gibbsite occurs as the solubility of both are decreased with 
decreasing temperature (Beckham and Grocott, 1993). Such 2 2 4 Na C O crystallization in turn, results 
in numerous industrial problems such as increasing the content of gibbsite fines (Power and Tichbon, 
1990), decreasing gibbsite agglomeration efficiency (Reyhani et al., 1999), increasing the formation 
rate of oxalate-gibbsite scale (Power, 1991) and increasing the residual soda in alumina products 
(Grocott and Ronsenberg, 1988). These problems can be mainly attributed to the two types of 
interactions between sodium oxalate and gibbsite crystals, which are the gibbsite nucleation and 
growth on the oxalate crystal surface (Fu et al., 2014a) and the oxalate nucleation and growth on the 
gibbsite surface. Fu et al (2014) investigated the oxalate growth on three main morphologies (random 
agglomerates, prims and hexagons) of industrial gibbsite under synthetic conditions using in situ 
optical microscopy. They found that oxalate nucleated on gibbsite crystals and formed needle-shaped 
morphology, finally developing into oxalate bundles and the high density of kinks on the surface of 
gibbsite agglomerates provides ideal sites for oxalate secondary nucleation and growth. The growth of 
sodium oxalate crystals on gibbsite surfaces leads to oxalate occlusion in gibbsite crystals, which in 
turn increase the soda level in product gibbsite (Grocott and Ronsenberg, 1988). Occlusion of sodium 
oxalate is also thought to lead to additional particle breakage in calciners. Secondarily nucleated 
sodium oxalate crystals could also break away from gibbsite due to shear stress from mechanical 
agitators in gibbsite precipitation tanks, providing additional surface areas for gibbsite secondary 
nucleation. 
More importantly, the huge specific surface area of fine gibbsite seed during the gibbsite precipitation 
stage can provide lots of potential sites for the secondary nucleation of sodium oxalate, which might 
make oxalate nucleation much easier by reducing the energetic barrier of nucleation from the 
formation of three-dimensional (3D) nuclei to the formation of two-dimensional (2D) nuclei, 
according to heterogeneous nucleation theory. However, the problem of oxalate nucleation on gibbsite 
crystals is heteroepitaxial nucleation since sodium oxalate crystal and gibbsite substrate do not inhabit 
the same crystal structure. The difficulties arise from the fact that lattice mismatch between gibbsite 
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and sodium oxalate leads to the strain energy stored in the oxalate nuclei grown on a mismatched 
gibbsite substrate. The contribution of the strain energy could be added to the thermodynamic 
potential of the oxalate nucleation system, thus increasing the critical oxalate supersaturation for 
oxalate nucleation on gibbsite.  
In this study, in situ atomic force microscopy (AFM) was employed to study oxalate nucleation on 
basal (001) face and prismatic (100) face of industrial gibbsite crystals under different oxalate 
supersaturations in high ionic strength (5M NaCl) and alkaline solution (pH=11.5). The 
morphological evolution of oxalate nuclei on gibbsite surfaces has been illustrated and the critical 
oxalate supersaturation for oxalate nucleation on (001) gibbsite surface has been determined, beyond 
which oxalate begin to nucleate on (001) gibbsite surface. The lattice mismatches between oxalate 
nuclei and gibbsite substrate have been calculated. Scanning electron microscopy (SEM) and X-ray 
diffraction (XRD) were also used to characterize 2 2 4 Na C O crystals produced under the same 
crystallization conditions. 
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Sodium oxalate was purchased from Alfa Aesar. Sodium hydroxide, sodium chloride and aluminium 
trihydrate were obtained from Sigma–Aldrich (USA). The water was purified via a Millipore system 
with a resistivity of 18 M/cm. All glassware (glass beakers and small pieces of glass substrates) 
were cleaned and rinsed with Millipore water. 
The composition of the synthetic liquor used for AFM investigation is 5.0 M NaCl solution saturated 
in aluminate anion at pH =11.5. The apparent concentration of aluminate is 0.025mol/L. Such 
composition is different from industrial Bayer liquor which is highly caustic solution containing about 
5M NaOH. However, both of liquors provide a high ionic strength and highly alkaline aqueous media 
for 2 2 4 Na C O crystallization, in which the main anion species for aluminium are 4Al(OH)−  (Sposito, 
1996). The reason for using this synthetic liquor to replace industrial Bayer liquor in this study is that 
the glass window of AFM cantilever holder cannot resist highly caustic solution. The similar 
methodology has been applied to the investigation of the adsorption of quaternary ammonium 
compounds on solid sodium oxalate and gibbsite in synthetic liquor using FTIR-ATR spectroscopy 
(Hind et al., 1997). 
A typical preparation procedure of the synthetic liquor supersaturated in 2 2 4 Na C O is as follows: 1.16 
g of commercial 2 2 4 Na C O (the apparent equilibrium 2 2 4 Na C O  concentration in synthetic liquor is 
0.58 g/L) was added into 1 L of synthetic liquor in a conical flask. Then, the above mixed solution 
was stirred and heated at 90  for 20 minutes, dissolving 2 2 4 Na C O powder into the solution. The 
resulting hot solution was filtered through a 0.2-µm pore size Nylon membrane filter (Merck 
Millipore). The synthetic liquor supersaturated in oxalate after filtration was sealed and allowed to 
cool in an air-bath oven at 25 for 15 minutes. This experimental procedure was repeated, with the 
initial 2 2 4 Na C O  concentration being varied according to the oxalate supersaturation, summarised in 
Table 1. 
 
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Table 1   
 
"	
 
 
In situ observations of sodium oxalate growth were made by Contact Mode using a MFP-3D-BIO 
(Asylum Research, Santa Barbara, CA) equipped with a piezoelectric scanner capable of scan areas to 
a maximum of 90×90 µm. Surfaces were imaged using commercially available Si3N4 cantilevers that 
have triangular tips with a length of 200 µm, and a force constant of approximately 0.06 N/m. The tip 
radius was less than 15 nm. To reduce the possibility of artificially changing the micro-topography by 
scanning tip-surface interactions, the contact force was carefully minimized. A series of synthetic 
solutions with different oxalate supersaturation levels shown in Table 1 have been used for in situ 
AFM tests, respectively. To maintain oxalate supersaturation constant in each AFM test, each 
synthetic solution was input as a continuous flow through an AFM fluid cell with an internal volume 
of 50 mL using a syringe pump. All images were collected using flow-through rates greater than 10 
ml/hr. In situ measurements of temperature in this flow-through environment were 25±1 °C. 
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Once prepared, the synthetic liquor supersaturated in oxalate (=1.0) was sealed and allowed to stand 
under static condition in an air-bath oven at 30 for 2 days. After that, the 2 2 4Na C O  crystals were 
recovered by filtration, washed with 200 g / L NaOH  solution and absolute ethanol, and then dried 
at room temperature. The sodium oxalate particle morphology was examined by scanning electronic 
microscopy (SEM, Philips XL30) at an accelerating voltage of 5 kV. X-ray powder diffraction (XRD) 
was carried out on a BrukerD8 ADVANCE X-ray diffractometer with Cu Kirradiation (=1.5406) 
at a scanning speed of 0.025°/s over the 2 range of 10-70°.  
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Sodium oxalate crystals grown from aqueous solution typically exhibit twinning along the (2 0 0) 
plane with a prismatic shape, well developed (110) faces and poorly developed (001) faces (Fleming 
et al., 1997; Strom et al., 1995), as illustrated in Fig. 1. The crystal habit of sodium oxalate is 
determined by the three faces, (200), (110) and (001). The order of morphological importance (MI) of 
these faces could be as follows: MI(110) > MI(200) > MI(001). In particular, (200) faces play two different 
roles, one of which is the interpenetration twin plane separating the crystal into two parts. The other 
role of (200) faces is to form the visible external shape of oxalate crystals with (110) and (001) faces 
together. However, the visible external shape of oxalate crystals could only be made by (110) and 
(001) faces without (200) faces while the (200) twin plane always exists, as shown in Fig 2(c). This is 
because the growth rate of (200) faces under high ionic strength conditions is typically faster than that 
of the (110) faces, resulting in the large (110) faces and the disappearance of (200) faces. As shown in 
Fig. 2(a), the oxalate bundles grown from the synthetic liquor are about 40-60 µm in diameter and 
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400-500 µm in length growing along the [001] direction. The morphological development of oxalate 
bundles can start with an oxalate rod on which new layers develop through multistep-branching 
mechanism on its (110) faces (Fu et al., 2014b). These layers form new subindividual oxalate rods 
growing along the [001] direction. It is clear from Fig. 2(b) that (110) faces of oxalate rods contain a 
high density of steps parallel to the [001] direction, indicating that the growth of (110) faces takes 
place in terms of a layer-by-layer growth mechanism. Partial XRD patterns in Fig. 2(d) show 
relatively high intensity for the (110) peaks for these oxalate bundles, whilst the high intensity of the 
(200) peaks can also be attributed to the high density of steps which could be made of adjacent (110) 
and (200) planes, as illustrated in Fig 1(c). 
Figure 1  
Figure 2 
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The problem of oxalate nucleation on gibbsite crystals is heteroepitaxial nucleation which is much 
more complicated than general heterogeneous nucleation where the substrate and deposit crystals are 
the same material. The difficulties arise from the fact that high lattice mismatch between gibbsite and 
sodium oxalate leads to the high strain energy which can reduce the chance of oxalate nucleation on a 
mismatched gibbsite substrate. In this section, considering that the (001), (110) and (200) faces of 
sodium oxalate determine its crystal habit, these faces are used to study the epitaxial relationships of 
sodium oxalate on (001), (100) and (110) gibbsite substrate. In order to clarify the epitaxial 
relationships, 9 kinds of unit cell arrangements have been given in Fig 3. According to the 
crystallographic data (Boldyreva et al., 2006; Saalfeld and Wedde, 1974) in Table 2 and possible unit 
cell arrangements in Fig 3, the lattice mismatches for different growth orientation has been calculated 
using the following expression: 
[ ] [ ]
[ ]
( ) [ ] 100
uvw uvw
oxalate gibbsiteuvw
ijk uvw
gibbsite
L L
L
δ −= ×      (2) 
Where [ ]( )
uvw
ijkδ  is lattice mismatch along [ ]uvw  direction on the epitaxial oxalate ( )ijk  plane. [ ]uvwoxalateL  
and [ ]uvwgibbsiteL  are the repeat periods along the oxalate common directions. When oxalate does not share 
the same direction with gibbsite, [ ]uvwgibbsiteL  is the orthogonal projection  of gibbsite unit vector onto 
a straight line parallel to the corresponding oxalate unit vector. The calculated values for the 9 unit 
cell arrangements are shown in Table 3.  From this, the oxalate (200) plane in the three of oxalate 
planes exhibits relatively low lattice mismatches on gibbsite (001), (100) and (110) faces. In particular, 
the lattice mismatches between oxalate (200) planes and gibbsite (100) faces are [010](200) 3.6%δ =  and 
[001]
(200) 7.1%δ = , which are the lowest among all the epitaxial pairs in Table 3. Therefore, the most 
energetically favourable epitaxial relationship for oxalate growth on gibbsite is oxalate (200) planes 
on gibbsite (100) faces. 
Table 2  
"

Table 3  
Figure 3 
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A few minutes after injecting sodium oxalate supersaturated solution into the AFM fluid cell, the 
nucleation of oxalate islands on gibbsite (001) faces is observed shown in Fig. 4. As in the case of the 
experiments described in Table 1, oxalate supersaturation level ( = (Cinitial-Cequlibrium)/Cequlibrium) 
required to clearly observe oxalate islands growing on gibbsite (001) surfaces is 1.2. Pimentel et al 
(Pimentel et al., 2013) indicated that the high scan rate AFM can lead to low nucleation density, 
especially for the formation of initial nuclei. Therefore, a low scan rate which corresponds to a 
capture time of 15 minutes per image has been used to reduce the interaction between AFM cantilever 
and oxalate nuclei. As can be seen in Fig. 4, where a representative sequence of both the formation 
and the subsequent growth of these nuclei are shown, the oxalate nuclei appears on the gibbsite (001) 
face. These islands reach a significant height (10-30 nm) in the first minutes after their formation, thus 
becoming three-dimensional. During their lateral advancement, these islands maintain an 
approximately constant height. Therefore, we will refer to them here as three-dimensional (3D) 
islands, following the term used by Chernov (A.A.Chernov, 1984) to describe multilayer islands in 
epitaxial growth processes. However, these small 3D islands are unstable and large islands will grow 
at the expense of dissolving of small islands, compared with Fig 4 (a) and (b), (e) and (f).  This 
process is known as Ostwald ripening (Mullin, 2001). The reason for this behaviour lies in the 
tendency of the solid phase in the systems to adjust itself to achieve a minimum surface free energy. 
The growth of the oxalate nuclei leads to the development of large 3D islands, showing a 
characteristic elongated morphology in Fig 4 (d-f). The orientation of the growing islands with respect 
to the substrate indicates the existence of a clear crystallographic relationship between the oxalate 3D 
islands and the gibbsite (001) faces. The 3D islands can be preferentially oriented with the (200) twin 
planes parallel to the gibbsite substrate (001) faces, according to the lattice mismatch calculation in 
which the mismatch between oxalate (200) planes and gibbsite (001) faces are much lower than other 
epitaxial pairs shown in Table 3. The parallelism between oxalate (200) planes and gibbsite (001) 
faces has also been confirmed by AFM images where the 3D island with a triangular prism shape is 
made up of two visible (110) planes as lateral faces and one invisible (200) twin plane as bottom, 
illustrated schematically by the inset in Fig. 4(f). Moreover, small oxalate nuclei began to grow up on 
the steps of (110) lateral faces (solid white arrows in Fig. 4f), which might finally form the new 
generation of branching oxalate needles shown in Fig 2(a). This phenomenon could be a good 
evidence for the mechanism of multistep-branching growth on oxalate (110) faces.  
After 1 hour, heteroepitaxial layers of sodium oxalate with a triangular prism shape has formed on the 
gibbsite prismatic (100) faces which are mostly characterised by a striated structure (Sweegers et al., 
2002) as shown in Fig 5. According to the lattice mismatch calculation, the lattice mismatches 
between oxalate (200) planes and gibbsite (100) faces are [010](200) 3.6%δ =  and [001](200) 7.1%δ = , which 
are the lowest among all the epitaxial pairs in Table 3. Such very low lattice mismatch leads to the 
low strain energy barrier which is the prerequisite condition to form the heteroepitaxial layers. Solid 
white arrows   and   in Fig. 5 (a-f) show the growth process of the oxalate heteroepitaxial layers on 
gibbsite (100) faces. Gibbs energy (also referred to as G) resulting from formation of a new layer of 
area A (where A totalA≤ , the total gibbsite (100) face area) is calculated by considering the changes 
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in chemical potential for oxalate crystallization ( 	 RTln(1 )∆ = + , where R  is the gas constant, 
1 18.314 J mol K− −⋅ ⋅
, T  is absolute temperature, σ  is supersaturation) and the free energy of the 
new interface. 
( )G 	 og os gs total gsA A Ab c γ γ γ γ ∆ = −∆ × + × + − + × × 
   (3) 
In Equation 3,  ogγ is the interfacial tension between the gibbsite substrate and the new oxalate layer, 
osγ  is the interfacial tension of the oxalate-solution interface, and gsγ  is the interfacial tension of the 
gibbsite-solution interface, and b (=5.262 Å) and c (=10.342 Å) are the unit cell parameters of sodium 
oxalate crystals on its (200) face. Assuming a complete oxalate monolayer is formed on gibbsite (100) 
face,  totalA A= , Equation 2 can be simplified to: 
( )og os
AG A
b c
µ γ γ ∆ = −∆ × + × + × 
     (4) 
Under the equilibrium condition, Gibbs energy is equal to zero and the total strain energy in the 
oxalate layer,  total og osγ γ γ= + , can be calculated according to Equation 5: 
(1 )
total
RTln
b c
σγ +=
×
        (5) 
The AFM observations show that for oxalate supersaturation higher than 1.4σ = , the oxalate layer 
begins to form on gibbsite (100) faces. Thus, the minimum oxalate supersaturation required for 
continuous growth is 1.4, which can be used to estimate the strain energy in the oxalate layer that is 
grown over the gibbsite (100) faces. By using 1.4σ =  in Equation 5, the total strain energy of 
6.62mJ/m2 was obtained. According to Frank-van der Merwe mode for epitaxial growth (Merwe, 
1993), the deposited oxalate crystals wet the gibbsite substrate and layer-by-layer growth occurs when 
the interfacial tension of substrate ( gsγ ) is larger than the total strain energy ( total og osγ γ γ= + ).  
For strained oxalate heteroepitaxial layers with small interface energy, the initial layer-by-layer 
growth occurs, but a thicker layer has much larger strain energy and can lower its energy by forming 
isolated islands in which strain is relaxed. Thus the Stranski-Krastanow mode (Merwe, 1993) for 
oxalate epitaxial growth occurs, in which the gibbsite substrate is first covered up with oxalate 
heteroepitaxial layers and then oxalate 3D islands form on such heteroepitaxial layers shown by solid 
white arrow   and   in Fig. 5(a-f). In particular, the face within the large oxalate island pointed by 
arrow   exhibits a high density of steps parallel to the 3D island’s elongated direction, indicating that 
it is typical oxalate (110) faces according to SEM results in Fig. 2(b). The growth of (110) faces in 
this situation appear to proceed by a layer-by-layer growth mode since steps on (110) face tend to 
spread and combine together, finally forming a large and flat face illustrated in Fig. 5(d-f). 
Figure 4  
Figure 5  
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The morphologies of sodium oxalate crystals in high ionic strength (5M NaCl) and alkaline solution 
(pH=11.5) revealed that the main role of oxalate (200) faces is the interpenetration twin plane 
separating the crystal into two parts, which always exists in oxalate crystals. In situ atomic force 
microscopy (AFM) was used to study the nucleation behaviour of sodium oxalate on the gibbsite 
substrate. The growth of oxalate 3D islands has been observed on gibbsite (001) faces. The 3D islands 
can be preferentially oriented with their (200) twin planes parallel to the gibbsite substrate (001) faces 
confirmed by both the calculation of lattice mismatch and AFM images where the 3D island with 
a triangular prism shape is made up of two visible (110) planes as lateral faces and one invisible (200) 
twin plane as bottom. The lattice mismatch calculation indicated that the most energetically 
favourable epitaxial relationship for oxalate growth on gibbsite is the growth of oxalate (200) planes 
on gibbsite (100) faces, in which [010](200) 3.6%δ =  and [001](200) 7.1%δ =  are the lowest among all the 
epitaxial pairs. Thus, the formation of heteroepitaxial layers of sodium oxalate on the gibbsite (100) 
faces has been observed at high oxalate supersaturation (=1.4). The total strain energy ( totalγ ) in this 
oxalate layer was calculated to be 6.62mJ/m2 smaller than the interfacial tension of the gibbsite-
solution interface ( gsγ ) indicating that oxalate growth on gibbsite (100) faces is governed by Frank-
van der Merwe growth mode. Considering oxalate 3D islands form on such heteroepitaxial layers, the 
Stranski-Krastanow mode for oxalate epitaxial growth occurs as well. 
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Table Captions 
Table 1.  The concentration and supersaturation of sodium oxalate in the synthetic solution at 25°C 
Table 2. Crystallographic data for sodium oxalate and gibbsite crystals 
Table 3. Possible unit cell arrangements between sodium oxalate and gibbsite crystals and their lattice 
mismatch  
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Figure Captions 
Fig 1. Crystal habit of sodium oxalate grown from pure aqueous solution 
Fig 2. SEM images of sodium oxalate crystals grown from synthetic liquor and its XRD patterns. The 
initial oxalate relative supersaturation is =1.0. 
Fig 3. Possible unit cell arrangements between sodium oxalate and gibbsite crystals 
Fig 4. In situ AFM deflection images of sodium oxalate islands growing epitaxially on gibbsite (001) 
faces from the synthetic liquor with  = (Cinitial-Cequlibrium)/Cequlibrium=1.2.   
Fig 5. In situ AFM deflection images of sodium oxalate growing epitaxially on gibbsite (100) faces 
from the synthetic liquor with  = (Cinitial-Cequlibrium)/Cequlibrium=1.4. The scan areas for the images (a-d) 
are 5 × 5 µm2. 
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Table 1.  The concentration and supersaturation of sodium oxalate in the synthetic solution at 25  
Na2C2O4 
Concentration, g/L 
Supersaturation,  
 = (Cinitial-Cequlibrium)/Cequlibrium 
1.16 1.0 
1.22 1.1 
1.28 1.2 
1.33 1.3 
1.39 1.4 
1.45 1.5 
1.51 1.6 
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Table 2. Crystallographic data for sodium oxalate and gibbsite crystals 
Name Sodium Oxalate Gibbsite 
Formula  2 2 4Na C O   3( )Al OH  
Crystal System Monoclinic Monoclinic 
Space Group P21/c(14) P21/n(14) 
a 3.482 8.684 
b 5.262 5.078 
c 10.432 9.736 
 (°) 90 90 

 (°) 93.08 94.54 
 (°) 90 90 
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Table 3. Possible unit cell arrangements between sodium oxalate and gibbsite crystals and their lattice 
mismatch  
No. Growth Orientation Lattice Mismatch, % 
Gibbsite 
(001) 
faces 
  
(001)o || (001)g; [100]o || [010]g; [010]o || [100]g; [100](001)δ = -31.4%    [010](001)δ = -39.4%    
! 
(200)o || (001)g; [010]o || [010]g; [001]o || [100]g; [010](200)δ = 3.6%       [001](200)δ = 20.1%     
" 
(110)o || (001)g; [001]o || [100]g; ¯[110]
(110)δ = 24.3%      
[001]
(110)δ = 20.1%     
Gibbsite 
(100) 
faces 
# 
(001)o || (100)g; [100]o || [010]g; [010]o || [001]g; [100](001)δ = -31.4%    [010](001)δ = -46%       
$ 
(200)o || (100)g; [010]o || [010]g; [001]o || [001]g; [010](200)δ = 3.6%        [001](200)δ = 7.1%       
% 
(110)o || (100)g; [001]o || [001]g; ¯[110]
(110)δ = 24.3%      
[001]
(110)δ = 7.1%       
Gibbsite 
(110) 
faces 
& (001)o || (110)g; [010]o || [
¯
110 ]g; 
[100]
(001)δ = -64.2%     [010](001)δ = -47.7%    
' (200)o || (110)g; [001]o || [
¯
110 ]g; 
[010]
(200)δ = -42.2%    [001](200)δ = 3.7%       
( (110)o || (110)g; [001]o || [
¯
110 ]g; 
¯
[110]
(110)δ = -35.2%    
[001]
(110)δ = 3.7%       
Note: The subscript “o” denotes sodium oxalate; the subscript “g” denotes gibbsite. 
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